ABSTRACT Physonota helianthi Randall feeds exclusively on a native sunßower, Helianthus grosseserratus Martens, in southeastern South Dakota. Helianthus grosseserratus populations are highly fragmented by agriculture and their patchy distribution presents the hypothesis that host-plant fragmentation results in genetic structuring in P. helianthi. In contrast, another cassidine beetle, Chelymorpha cassidea F., feeds on common bindweeds (Convolvulus arvensis L. and Calystegia sepium (L.) R. Br.) and therefore may not exhibit such genetic structuring. We sampled patches of host plants for P. helianthi and C. cassidea. Families were reared in the laboratory through adult emergence and assayed with starch-gel electrophoresis. Genetic variability within and among beetle families from different patches was compared for both species. For P. helianthi, 15 loci were used to evaluate allele frequencies in 30 families from Þve sites. For C. cassidea, we assayed 13 loci from 25 families from Þve sites. We determined the relative magnitude of genetic variance within a hierarchy that included families, patches, and total sample. For P. helianthi, slightly more genetic variation existed within families from the same patch than among families from different patches, but overall, variability was low (x heterozygosity ϭ 0.048). Paternity of individual egg masses was more than one in most cases. Chelymorpha cassidea was more variable (x heterozygosity ϭ 0.072) but showed less differentiation among patches. Multiple paternity was less frequent in this species than in P. helianthi. Differences in genetic structuring of these two species are likely because of their contrasting host-plant distributions and mating structure.
MANY SPECIES LIVE IN patchy environments, and anthropogenic habitat fragmentation has increased the isolated nature of many populations (Mader 1984 , Wu et al. 1993 , Forman 1995 . Fragmentation can increase barriers to migration and this has an isolating effect in terms of gene ßow (Dole and Sun 1992 , GonzalezAndujar and Perry 1993 , Hanski and Gyllenberg 1993 , Gaines et al. 1997 . Further, increased patchiness can reduce heterozygosity within subpopulations (e.g., Dole and Sun 1992 , Gaines et al. 1997 , Van Dongen et al. 1998 as alleles become Þxed at loci because of genetic drift (Slatkin 1985) .
The magnitude of heterozygosity reduction depends upon the level and type of fragmentation (Hedrick and Miller 1992 , Hartl and Clark 1997 , Gillespie 1998 ) and the biology of the organism in question. For example, landscape structure (Britten et al. 1994 , Samways 1994 , Britten and Rust 1996 , Keyghobadi et al. 1999 ), voltinism (González-Rodrṍguez et al. 2000 , dispersal ability (Haag et al. 1993 , Britten et al. 1995 , Tsagkarakou et al. 1997 , Ramirez and Haakonsen 1999 , Van Dongen et al. 1998 , Roslin 2001 , and population size (Tsagkarakou et al. 1997 , Hartl and Clark 1997 , Hedrick and Miller 1992 , Roslin 2001 ) can all impact genetic variation within a population. In addition, host-plant specialization may affect genetic variation, because monophagous insects may have a subdivided population structure that corresponds to the distribution (Rank 1992 , Van Dongen et al. 1998 and the size of host-plant patches (McCauley 1991 , Wahlberg et al. 2002 .
As a consequence of fragmentation, genetic differentiation among habitat islands is expected to increase, whereas within habitat-island genetic diversity is expected to decrease (Hastings and Harrison 1994, Hartl and Clark 1997) . Interestingly, several studies indicate that this type of genetic structuring does not occur in species that have corridors among fragments (Ramirez and Haakonsen 1999) or that are highly vagile (Haag et al. 1993 , Desender et al. 1998 , Vandewoestijne et al. 1999 , widely distributed (Roslin 2001) , or occur at high population densities (Roslin 1 Current address: Jäkälätie 7C23, 00730 Helsinki, Finland.
2001). Thus, the conversion of native areas to agroecosystems may more dramatically impact species with low reproductive rates, low vagility, or that feed on isolated host-plant patches. In contrast, the genetic structure of herbivores that are abundant or more highly mobile or that feed on more common hosts may be less affected by landscape transformation that reduces or isolates host-plant patches.
For over a century, agricultural practices have transformed the landscape in the Northern Great Plains into a patchwork of cultivated Þelds, compared with the more continuous tall-and mixed-grass prairies that existed in the area before European settlement. Decline in tall-grass prairie acreage exceeds losses of any other major ecosystem in North America, and in many areas Ͻ0.01% of original tall-grass prairies still exists (Samson and Knopf 1994) . Given the extensive conversion to agriculture that has occurred in the Northern Great Plains and the impacts of hostplant fragmentation on monophagous herbivores, we predicted that specialist native herbivores would show more genetic structuring than would herbivores that feed on common host plants.
In southeast South Dakota, Physonota helianthi Randall (Coleoptera: Chrysomelidae: Cassidinae) is restricted to Helianthus grosseserratus Martens, a native sunßower, throughout its life cycle in the Northern Great Plains (Kirk 1971, K.L.O., unpublished data) and may therefore exhibit a genetic population structure that corresponds to the fragmentation of hostplant patches. In contrast, another cassidine, Chelymorpha cassidea F. (Coleoptera: Chrysomelidae: Cassidinae), is not restricted to a single host and feeds on several species of Convolvulaceae (Chittenden 1924) , including the aggressive introduced Þeld bindweed, Convolvulus arvensis L. (Holm et al. 1977 ) and a native bindweed, Calystegia sepium (L.) R. Br. Convolvulus arvensis is considered the most abundant weed in South Dakota (Johnson and Larson 1999) . In contrast, H. grosseserratus, the host of P. helianthi, is a native of tall-grass prairies that now infrequently occurs in open bottom lands, prairies, wet margins, and roadsides (Van Bruggen 1985, Johnson and Larson 1999) .
To evaluate the impacts of host-plant fragmentation on herbivore genetic structure, we compared the genetic population structure of P. helianthi and C. cassidea from different patches of their host plants. We assumed that differences in allele frequencies among different patches at speciÞc loci were indirect indicators of gene-ßow levels among subpopulations (Slatkin 1985) .
It is possible to partition genetic variance estimates, based on allozyme frequencies, into an arbitrary subset of levels to investigate differential distributions of genetic variations (Weir 1996) . Our goal was to Þnd several sites so that we could use three levels of hierarchy to study the genetic population structure of P. helianthi and C. cassidea. The hierarchical levels that we used included individuals within a family, families within a patch, and among patches. We examined population hierarchy by comparing genetic variation among different levels of population structure using families (offspring from one egg mass that we knew to be at least half-siblings) from Þve patches of H. grosseserratus and Þve patches of bindweed.
Because the two beetle species use different host plants and because host-plant distribution patterns differ, we hypothesized that differences in genetic structuring exist between the two herbivores and that agricultural conversion of native prairie habitat may leave a larger genetic signal on P. helianthi populations than on C. cassidea. SpeciÞcally, we predicted more variance among patches for P. helianthi than for C. cassidea. We also evaluated paternity patterns for P. helianthi and C. cassidea to better understand genetic structuring within families.
Study Organisms
Physonota helianthi is univoltine in our study area and overwinters as adults (Kirk 1971) . Adults are relatively large, measuring Ϸ8 Ð12 mm in length and 6 Ð7 mm in width (Sanderson 1948) . Overwintered, reproductively active adults are a metallic green, whereas teneral adults are a mottled brown (CaulÞeld 1887, Sanderson 1948 , Kirk 1971 Sawtooth sunßower is typically found in roadside ditches and in the low, moist soils of meadows (Van Bruggen 1985) . These sunßowers are perennial and leave noticeable old stems Ϸ 1Ð1.5 m tall where patches were present during the previous growing season. Helianthus grosseserratus often occurs in very dense, but infrequent patches, with several stems arising from tough, rhizomatous rootstocks (Van Bruggen 1985) . Patches vary in size.
Chelymorpha cassidea also deposits eggs in masses (x ϭ 22 eggs per mass) and larvae remain in aggregations through the second instar (Chittenden 1924) . Its body size and phenology in the study area roughly approximates that described for P. helianthi above (K.L.O., unpublished data). Hosts include several species of Convolvulaceae (Ipomoea, Calystegia, Convolvulus; Chittenden 1924 , Mohyuddin 1969 ).
Methods and Materials
Study Sites. We conducted the study in Clay and Union Counties, SD, which are located along the Missouri River in the southeastern corner of the state. This area has been nearly completely converted to agriculture over the past 125 yr. For example, in Clay County, more than 90% of the area is farmed, leaving Ͻ10% in nonagricultural use such as riparian forest, residential, and other development (Castonguay 1982) .
Initially, we conducted systematic searches in the area to locate stands of H. grosseserratus containing P. helianthi. During May 1997, we used general highway maps (South Dakota Department of Transportation) to record locations of sawtooth sunßower patches and noted whether P. helianthi adults or egg masses were present.
We collected egg masses and neonate larvae through the second week of July. Because larvae remain tightly aggregated through the second instar (K.L.O., unpublished data), we assumed that neonates in a single aggregation were at least half-siblings. We did not use older individuals, even if they appeared to be in their natal aggregation. No evidence from the genetic analyses suggested multiple maternity of clutches.
We used the same approach to locate patches of bindweed (both C. arvensis and Ca. sepium) and populations of C. cassidea. We were able to locate Þve sites for each beetle species, and both species co-occurred at two of the sites.
Lab-Rearing Technique. In June and July of 1997, P. helianthi and C. cassidea egg masses and neonatal aggregations were collected and transported in coolers back to the lab where they were labeled and placed in 9.5-cm diameter Petri dishes lined with moistened Þlter paper and placed in growth chambers (22ЊC and a 14:10 (L:D) h photoperiod). Each day, Þlter paper was moistened to prevent the egg masses from desiccating. Once the egg masses hatched, larvae were fed fresh, Þeld-collected leaves of their respective host plants (sawtooth sunßower or bindweed) daily. Each egg mass and larval aggregation was kept in a separate rearing container throughout development to ensure that individuals in the same dish were from the same egg mass.
Plant material was removed from the Petri dish when larvae pupated to ensure that emerging adults did not feed before being sacriÞced, thereby reducing the chance of contamination of the sample by proteins and other plant compounds that could interfere with allozyme assays. Pupae were checked twice daily for emergence and emerging adults were placed into 1.7-ml microcentrifuge tubes and stored in an ultracold freezer (ϷϪ70ЊC). Survivorship of larvae was high, reducing the likelihood of lab-associated selection during the rearing process.
Electrophoretic Techniques. We used horizontal starch gels (14% buffer volume per potato starch weight) following the allozyme electrophoresis procedures of May (1992) . Allozyme electromorphs (bands on gels) segregate as simple Mendelian factors and allozyme variation is widespread in nearly all natural populations studied with electrophoresis (e.g., Hartl and Clark 1997) .
Whole beetles were ground individually and homogenized in a buffer (0.05 M Tris/HCl) followed by a soak at 4ЊC for 15Ð20 min. Samples were then centrifuged at 3500 rpm for 3 min and the supernatant from each individual was placed back into its labeled microcentrifuge tube and then stored at Ϫ80ЊC.
Extracted proteins were loaded onto starch gels and run at Ϸ 300 V and 100 mA for Ϸ 3Ð 4 h. SpeciÞc running conditions for each locus are given in Table  1 . Similar electrophoretic procedures were conducted for both P. helianthi and C. cassidea.
Allelic variants found in these types of studies are generally considered to be under neutral selection (Hartl and Clark 1997) . This is an important assumption, because the differences in allele frequencies are considered to be controlled by random processes of population dynamics rather than selection acting on the genes contributing to allozyme variability. We used the distribution of neutral genetic variants in these samples from different sites and different families to study the spatial genetic structuring of these species, as well as to determine the mating system employed by these beetles (paternity of offspring from each egg mass). Adequacy of Sampling Effort. To evaluate whether the families (egg masses and groups of neonate larvae) that we collected were representative of the variability that exists among adults in these subpopulations, adult P. helianthi were collected in June 1998, at the Burbank Road site and their allele frequencies compared with the samples from 1997. This was done to ensure that the 1997 samples (from egg masses and young aggregations) were not the progeny of a single female or few individuals. Adult individuals (N ϭ 25) were collected on 10 and 12 June and were run through the electrophoretic procedures described above. To determine whether allele frequencies in the 1997 and 1998 samples were congruent, we compared the allele frequencies between years for each locus using Fisher exact tests.
Data Analysis. BIOSYS-1 (Swofford and Selander 1981) was used to calculate mean individual heterozygosity, polymorphism, 2 -values, and F-statistics at different hierarchical levels of population structure (individual, family, and patch). The distribution of heterozygosity within the hierarchy can be used to quantify genetic differences among subgroups at the various levels (Wright 1943, Hartl and Clark 1997) . By determining where the most genetic variation was present in the hierarchy, we could evaluate relative gene ßow among habitat patches for both beetle species.
Indirect estimates of gene ßow based on the analysis of gene frequencies depend on levels of gene ßow averaged over long time periods. The indices estimate the reduction in heterozygosity expected in a randomly mating population at any one level of a population hierarchy relative to another, more inclusive level of the hierarchy (Hartl and Clark 1997) . A higher F-value indicates a greater difference between the lower levels within the higher level of the comparison. Thus, more isolated populations are more likely to accumulate differences in allele frequencies by drift and mutation than less isolated ones. That resulting differentiation will be reßected by the hierarchical F-statistics (Porter and Geiger 1995) . F-statistics measure the relative Þxation of alternate alleles in different hierarchical levels. Average heterozygosity at each level is compared with the total heterozygosity expected for random mating throughout the pooled sample (Hartl and Clark 1997, Gillespie 1998) .
We used Genetic Data Analysis (GDA; Lewis and Zykin 2001) to estimate 95% conÞdence intervals around the family-to-patch and patch-to-total F-statistics ( Ð S and Ð P, respectively) using 1,000 bootstrap replicates across loci for both beetle species. This analysis provided an estimate of the statistical signiÞcance of the hierarchical F-statistics.
We evaluated the mating structure by comparing allele frequencies of offspring from the same mother to the expected Mendelian genotype frequencies (e.g., p 2 ϩ 2pq ϩ q 2 , for a diallelic locus) assuming one male/one female mating for each egg mass. Only polymorphic loci could be used in these tests. Chi-square analyses were used to test for single or multiple mating by females.
Host-Plant Distributions. We used four county roads as transects to determine the relative abundance of H. grosseserratus and the two bindweed species (C. arvensis and Ca. sepium). Two of the roads (University Rd. and Hwy. 19) run north/south through Clay Co. and two (Hwy. 50 and Burbank Rd.) run east/west in Clay Co. and extend into Yankton and Union Counties, respectively. We recorded the presence of H. grosseserratus and the two bindweed species along each of four 50-m transects placed Ϸ 2 km apart along each of the four roads. Each transect was subdivided into Þve 10-m sections (N ϭ 80) . In each transect, we surveyed the area adjacent to the road for sawtooth sunßowers and/or bindweed. We used three ranks to describe the size of plant populations at the sampling sites: 0 if plants were not present; 1 if plants were present, but the size of the patch was small (Ͻ4 m 2 ); and 2 if patches of host plants were relatively large (Ͼ4 m 2 ). Categorical analysis was used to evaluate differences in host plant availability for P. helianthi and C. cassidea, and the surveyed roads were used as blocking factors.
Results and Discussion
Overall Variability. Of the 15 loci examined in P. helianthi, only six were polymorphic (Table 1) . Similarly, 7 of 13 loci assayed in C. cassidea were polymorphic (Table 1) . For both species, loci were considered polymorphic if more than one allele existed in any of the surveyed populations. Low-frequency alleles segregated at four of the six polymorphic loci in P. helianthi and at two of the seven polymorphic loci in C. cassidea. These alternate alleles were usually found within heterozygous individuals. Most of the individuals and the families were homozygous for the common allele in these cases.
Direct-count mean heterozygosity in all P. helianthi populations was not signiÞcantly different from that expected under Hardy-Weinberg equilibrium (HWE) (t ϭ Ϫ0.803; P Ͼ 0.45, df ϭ 5). Four loci (one in each of the four different families) showed signiÞcant heterozygote deÞciencies relative to HWE in C. cassidea. Mean heterozygosity across the Þve study sites was 0.042 for P. helianthi and 0.060 for C. cassidea (Table  2) , which is much less than many chrysomelids that have been studied using allozymes (e.g., Rank 1992, Knoll and Rowell-Rahier 1998) . The average heterozygosity for 122 insect species, excluding Drosophila, is estimated to be 0.089 (Nevo et al. 1984) .
Adequacy of Sampling Effort. To evaluate the adequacy of our sample sizes, we compared the frequency of alleles in teneral P. helianthi adults from lab-reared larvae (1997) to frequencies of adults present the following spring (overwintered adults, 1998) at the Burbank Rd. site. We assumed that similar allele frequencies in the initial sample (1997) and overwintered individuals (1998) would indicate that our sampling effort was adequate to capture the ge-netic variability present in this population. Allele frequencies from the two years were similar (Table 3) with the exception of a single allele. A fast allele (b) appeared at IDH-1* which had been monomorphic in 1997 (Table 3 ). This allele (b), however, was present at other study sites in 1997. Thus, we concluded that our sampling of egg masses and neonate larvae sufÞ-ciently represented the variability present in the populations at each site.
Paternity Tests. Of the 26 P. helianthi families that were surveyed in this study, the single-mating hypothesis could not be rejected for only four families (15.38%; Table 4 ). The families in which the hypothesis was not rejected had only one polymorphic locus. It is possible that our test was insensitive because of the low number of polymorphic loci present in these families. An alternate explanation may be meiotic drive in which a particular genotype participates in fertilization out of proportion to its gametic frequency (Hedrick 1983) .
In six of the families, the observed genotypes at the polymorphic loci within the family were not possible from a single male/female mating (e.g., more than Þve genotypes from a single mating of putative heterozygous parents). This shows strong support for multiple mating of females. Polyandry of P. helianthi females results in a diversity of genotypes present within a single egg mass and, as described in the next section, this diversity approximates that observed at the landscape level.
For C. cassidea, single paternity was possible in 6 of the15 families examined (40%) ( Table 4) , and multiple paternity was demonstrated (i.e., more than Þve genotypes in offspring from a single mother) in only three families. The difference in the percentage of The number of polymorphic loci varied among families, but each of the families was polymorphic for at least one of the loci in this list. For P. helianthi, single-father paternity was not rejected for only four (15.38%) of the 26 families tested. A greater percentage of C. cassidea families could have been the result of a single mating.
families with single paternity indicates that C. cassidea multiply mates less often or has stronger sperm precedence than does P. helianthi.
For both P. helianthi and C. cassidea genetic variability was low. Therefore, the percentage of families fertilized by a single male was likely to be underestimated because of the possibility that two or more fathers had the same alleles for the loci we examined.
Within-Species Hierarchical Comparisons. We collected both beetle species from Þve sites (two in common) and compared allele frequencies among individuals from the same egg mass (family), among egg masses from a patch, and among patches. For both P. helianthi and C. cassidea, signiÞcant differences in allele frequencies existed within and among families from the same patch indicating genetic structuring at both of these hierarchical levels (Table 5 ). Comparisons between different levels of population hierarchy give an indication of the relative amount of gene ßow across the landscape. Higher variance indicates less gene ßow between the subpopulations (see variance components, Table 6 ). Less gene ßow is also indicated by a higher Þxation index (F-statistic).
We determined how much of the total variation in allele frequency existing among families (family-tototal) resulted from differences among families within patches (family-to-patch) and how much resulted from differences among patches (patch-to-total). For P. helianthi, the family-to-patch comprised slightly more of the total variance (family-to-total) than did patch-to-total (Table 6) . Similarly, GDA (Lewis and Zykin 2001) indicated that differences within patches (family-to-patch, 95% C.I. Ϫ S ϭ 0.1551401Ð 0.2222176 Ð 0.234599) contributed more than differences among patches (patch-to-total, 95% C.I. Ð P ϭ 0.065095Ð 0.106253Ð 0.122073). For C. cassidea, differences among families (family-to-patch) contributed four times the variation than did differences among patches (patch-to-total; Table 6 ). GDA did not Þnd a statistically signiÞcant difference in the family (95% C.I. Ϫ S ϭ 0.137210 Ð 0.290917Ϫ0.419860) and patch (95% C.I. Ð P ϭ 0 Ð 0.127533Ð 0.296361) contributions to total variance. However, GDA does not permit the inclusion of patches with single families, and so we excluded two sites with single families (Old Field and University Road) thereby reducing the sensitivity of the analysis. However, the trend for C. cassidea from the GDA (family variance greater than patch) was similar to the results obtained from BIOSYS-1.
Comparisons Between Physonota helianthi and Chelymorpha cassidea. There were eight total Þelds in southeast South Dakota from which beetles were collected. These included two sites where both P. helianthi and C. cassidea were sampled during the Þeld season and six sites where only one species was collected (three sites for each). We compared the HardyWeinberg expected mean heterozygosity for beetles sampled from the shared sites (Old Field and Highway 50) to compare heterozygosity between the two species. At both of these sites, C. cassidea had higher levels of heterozygosity than P. helianthi (Table 2) . Similarly, an analysis of all data from all collection sites indicated that C. cassidea had higher levels of heterozygosity than did P. helianthi (Z ϭ 1.6, P ϭ 0.05, Wilcoxon two-sample test, one-tailed). Like P. helianthi, there were highly signiÞcant differences among families at each of the seven polymorphic loci detected for C. cassidea (Table 5) .
Chelymorpha cassidea differed from P. helianthi in the hierarchical comparisons. As noted above, a larger portion of family-to-total variance was a result of variance among families within patches than differences between patches (Table 6 ). This is dramatically different from the results for P. helianthi, suggesting greater genetic structuring within Þelds for C. cassidea than for P. helianthi. Although the variance components were roughly similar for P. helianthi (56/44) the family-to-patch variance component was four times All polymorphic loci observed were included in this analysis, and at each there were highly signiÞcant differences among families from the same patch indicating structure at the patch level. Data from all families in this study were used to create this table.
that of patch-to-total for C. cassidea (80/20). Thus, P. helianthi appears to be structured evenly within and across patches, whereas C. cassidea is more structured within patches but less so among patches. Physonota helianthi has less gene ßow among hostplant patches, but appears to be able to move and mate easily within a habitat patch. Because gene ßow is probably limited among subpopulations occupying different patches because of habitat fragmentation, genetic isolation between suitable patches could result. Host-plant fragmentation has been shown to cause genetic differentiation in other studies as well. Knoll et al. (1996) reviewed several studies of chrysomelid genetic structure and concluded that significant structuring can occur at small geographic scales (e.g., within a patch of host plants). This result was attributed to generally low female vagility and sampling of family groups (Knoll et al. 1996) . In a study comparing the genetic population structure of the winter moth Operophtera brumata L. (Lepidoptera: Geometridae) using collection sites from both continuous habitat and fragmented areas, Van Dongen et al. (1998) found higher genetic differentiation between collection sites in the fragmented areas. Several other studies have shown a consistent effect of distance and landscape structure on genetic structure of invertebrates (e.g., Britten and Brussard 1992 , Britten et al. 1995 , Britten and Rust 1996 , Tsagkarakou et al. 1997 , Keyghobadi et al. 1999 .
Chelymorpha cassidea, whose host plant is more continuously distributed in the area, is able to achieve more gene ßow between Þelds, but this species appears to be less mobile and mate less often within Þelds. Generally, for organisms that are more mobile and/or not restricted to patchy habitats (e.g., host plants), gene ßow is likely to be relatively higher. This is probably why little genetic differentiation has been detected among populations of mobile species (Coll et al. 1994 , Desender et al. 1998 , Vandewoestijne et al. 1999 , Roslin 2001 , polyphagous species (Tsagkarakou et al. 1997, but see Berlocher and McPheron 1996) , or species that use roadside vegetation as gene ßow corridors (Ramirez and Haakonsen 1999) .
The type of plants that grow along roadsides can profoundly impact herbivore populations (Ries et al. 2001) , and roadsides are considered to be dispersal or gene ßow corridors for some species (Forman 1995 , Carr et al. 2002 . For herbivores that have limited mobility, roadsides can only serve as gene ßow corridors if host plant patches are abundant along them. Because the host of P. helianthi is much less common along roadsides than the host of C. cassidea (Johnson and Larson 1999) , it is not surprising that the structuring at the landscape level is more obvious for P. helianthi.
Host-Plant Distributions. Host plants for C. cassidea (Calystegia sepium and Convolvulus arvensis) were much more abundant than H. grosseserratus, the host plant of P. helianthi ( 2 ϭ 19.09, N ϭ 80, P Ͻ 0.001). The host plants of C. cassidea (C. arvensis and Ca. sepium) were more common in both the percentage of plots with small (Ͻ4m 2 ; 30% of sampled plots) and large patches (Ͼ4m 2 ; 20% of sampled plots) than were patches of H. grosseserratus, the host plant of P. helianthi (6.25% small patches; 2.5% large patches; absent in 91.25% of plots). These results are in agreement with botanical guides for the Northern Great Plains (Van Bruggen 1985, Johnson and Larson 1999) , which characterize bindweeds as common and H. grosseserratus as infrequent.
In conclusion, average heterozygosity for P. helianthi and C. cassidea were low compared with many other insects studied using allozymes, but enough variability was present to allow statistical tests to be performed using allele frequencies at polymorphic loci.
Multiple paternity of the offspring produced from each egg mass indicated that P. helianthi females are polyandrous. In fact, slightly more of the observed genetic variation was a result of differences in allele frequencies among families from the same Þeld than from differences among families from different Þelds. For C. cassidea, differences among families within patches were even more dramatic and a relatively small proportion of the observed total variance was because of differences among families from different patches. Thus, for both species, and especially for C. cassidea, the patch can serve as an adequate sampling unit.
Although we observed genetic structuring within patches for both species, there were marked differences in structuring across patches. The percent of total variation as a result of differences among patches for P. helianthi (44%, Table 6 ) was more than twice that observed for C. cassidea (20% , Table 6 ). This difference is well explained by the distribution of host plants for both of these species. Host plants of C. cassidea (C. arvensis and Ca. sepium) were much more common than the host plant of P. helianthi (H. grosseserratus) in the study area.
Thus, although it appears that there was not much restriction of movement by breeding P. helianthi adults within host-plant patches, this species is somewhat isolated among the relatively uncommon patches of H. grosseserratus in the study area. In contrast, the movement of breeding C. cassidea adults appears to be more restricted within patches, but individuals were not as isolated in terms of gene ßow among host-plant patches of their abundant weedy hosts. These results suggest that subtle but important alterations to the population genetic structure of native insects is occurring in areas that have been largely converted to agroecosystems. Both beetle species are present in the study area, but one (P. helianthi) exhibits a population genetic structure indicative of species on habitat patches within fragmented landscapes. Given the level of habitat conversion in the Northern Great Plains, it is impossible to determine how closely the present day P. helianthi population genetic structure approximates its natural one. It is clear that continued fragmentation of native prairie habitats will exacerbate the population genetic isolation of species with similar life histories, vagilities, and narrow host-plant afÞliations.
